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is the equation of motion for such 4 system. a is the angle of rotation 
of the outer gimbal, 6 is that af the cases H is. the kinetic moment of the 
gyroscope, A is the. moment of inertia of the gyroscope with. case and outer 
gimbal, B ig the moment of inertia of the gyroscope and case around the , 
case axis, nya! is the moment of frictional. forces in the bearings of the 
outer gimbal, m,{8-x, (+) igs the moment around the axis of the outer 
; . ee 

gimbal to which a stabilizing motor is fixed, s{a-xo(t)} is the moment lew 
_ around the case axis of the gyroscope with a correcting electromagnet ae . 

attached to it. From (2) it follows that 2(t) = x¥(D)x(%)> \ 

X(D) = F(D)e(D)/A() where F(D) is the adjoint of the matrix f(D) and - 

A(D) is the determinant of the matrix f(D) s2 . 


ae - ap cs S(RD+a (5) 
: A\B B : 
Sm, 6 [72 H? 


AN = f 
Aare DED a Ot ee (a = ap): 


holds for the transition matrix. The input signal consists of the useful 
signal a(t) and random noise-n(t): e(%) = m(t) + n(t)- Useful signal 
Card 2/4 . 
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Why are the elements of the weight matrix of the Gyroscope. The solutions 


_ to these equations are the signals which are to be fed into the input of - 
. the &yroscope. the author: thanks A. Yu. Ishlinskiy for valuable advice, a 
. There are 5 references: 4 Soviet and 1 non-Soviet. The reference tothe + 


English-language publication reads as follows: wy. Wiener, Extrapolation, 
Interpolation and Smoothing of Stationary Time Series, N. yY., 1949. 


- ASSOCIATION: MNoskovskiy gosudarstvennyy universitet im. M. Y. Lomonosova 


; (Moscow State University imeni M. y. Lomonosov) 
PRESENTED: | June 2, 1961. by A. yu, Ishlinskiy, Academician 


SUBMITTED: May 29, 1961 
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" KUTHOR : Roytenberg, .M.N., Head | 
inst s OT REC RETC SS T NS ee : 
TITLE: ™ About the Organization and Activities of . Testing 


_ Laboratories in Plants 
PERIODICAL: Izmeritel'naya tekhnika, 1959, Nr 10, pp 59-60 (USSR) 


ABSTRACT: The article contains comments on. the article by K.N. - 

- Katsman entitled "About Some Problems of Organization .. 
and Activities of Measuring Laboratories in Plants". 
which appeared. in "Tzmeritel'naya tekhnika", 1959,° cae 
Nr 2. The author is of the opinion that Katsman is not. 
taking the problem seriously, since he suggests that all | 
plant laboratories be united into one central laborato- — 
ry. The activities of plant laboratories are varied and 
such a merger: would only deteriorate their work. Let. 
the laboratories do their work as. they do today, only 
the quality of work should be improved and the labo- 
ratories should keep pace with the modern technical 

progress. The author agrees with the suggestion that © 

Card 1/2. all. laboratories should be responsible to the chief 
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AL!TSHULER, 2.Ye., inzh.; BASTUNSKLY, M.A., inzh.; BBRSTEL', V.N., inzh.; 

RIRKNBERG, I.B., inzh.; BOGOPOLSKIY, B.Kh., inzh.; BUKHARIN, S.1., 

inzh,; GERSHTEYH, B.G., inzh.; GHINSHPUU, L.V., inzh.; DREYYER, G.I., 

inzh.; DINBRSHTEYN, 4.G., inzh.; ZLATOPOL'SKIY, D.S., iznh,; KIANYUK, 

A.V., inzh,; KOZIN, Yu.¥., inzh.; LEVITIN, I.P., inzh.; MEL'NIKOV, 
L.¥., inzh.; MEL'KUMOV, L.G., inzhe; - MADBL', M.B., inzh.; PAVLOV, 
NuA., inzh.; PASIBU, D.A., inzhe; PESIN, B.Ya., inzh.; PYATKOVSKIY, 
P.I., inzh.; RAZNOSGHIKOV, Ds¥.,. iazhe; ROZBNOYER, G.Ya., inzh.; 

_ ROZENBERG, R.L., inzh.; ROYTEIBERG, Nels, inzh.; RYABINSKIY, Ya.I., 
inzh.; SYPCHSNKO, I.J., inzh.; TABACHNIKOV, L.D., inzh.; FEL'DMAN, 
8.S., inzhe; SHTRAKHMAN, G.Ya., inzh.; SHTERBNGAS, H.S., inzh.; 
IRVITIN, I.P., otvetstvennyy rede; STRL'MAKH, A.N., red.izd-va; 
BEKKSR, 0.G., tekhn.red. 


[Overall mechanization and automatization of production processes in 
the coal industry) Kompleksnaia mekhanizatsiia i avtomatizatsiia. — 
proiavodstvenny kh protsessov V ugol' noi promyshlennosti Pod red. 
Tu.V.Kozina i dr. Moskva, Ugletekhizdat, 1957+ 82 p. (MIRA 11:3). 


1. Gosudarstvennyy proyektno-konstruktorskly Snstitut. 2. Institut 
Gip roug leavtoma tizateiye i Tekhnicheskogo Upravleniya Ministerstva 
ugol' noy pronyshlennosti (for all except: Levitin, Stel'makh, 


Bekker) 


(Automatic control) (Goal mining machinery) 
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AUTHORS: -—-—-Reytberg, Ya. hey Sheftel Z. G- 


peace ERE 


TITLE? ai ale Once he elliptical type with non-continuous 
coefficient ; 


PERIODICAL::. Akademiya nauk SSSR. Doklady, v- 146, no. 6, 4962, 1275-1278 


TEXTs Results which hold also for equations -of higher order (uniqueness 

and existence. of generalized solutions of the boundary value problems \ 

formulated below) are given by the author for an equation of second orders. VY 

These results take the form tu = f co 
n n ats a 

<a are ; t) : 

us ? pD.(o. (x)D,up+ ¢ (x)D.iu + b(x)u D.«=—3 b.g = DB -)- 
aaa ‘ 2 

The operator ¥ is considered: on determined Sobolev functional spaces. The 

complex-valued coefficients Dax? Ps b are defined in a domain G of the 


n-dimensional space. The pounéary ' of Gis piecewise smooth. G is de- 


'. eomposed into two domains G, and Gy by a (n-1)-dimensional continuously 
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differentiable area, whicn is spherically homomor phic and has no common 
points with /, so that the coefficients of ~ are elements from co(c, ) and 


c (G;) respectively, if considered as functions in G, (i = 1,2). The 
boundary conditions take the form 


ou : 
go + Tu + Quy, = 


Here T designates 4 lingar combination of the tangential derivative with 
real coefficient from ¢ (fT); Qa limited linear operator in by (Tr), ma 


constant. being equal to 0 for p <0, Q= 1, and otherwise being equal to 13 
a (ice ty2) 8 positive function from c2(G.)3 a =) bs ; (v> are 

1 ; 1 Opes : K 

the components of the normal. to the surface Y» pointing away from G.)s 


bu} = ul - ul » . The question of smoothness of the generalized 
oa y “0 ig +0 : . 
solutions is treated in @ manner similar to that described in a study by 
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Nirenberg (Comm. Pure and Kopi: Math., 6, no. 4 (1955)). - The results ob-. 
tained hold also for decompositions into more than two domains GS . 

Further, the corresponding eigenvalue problem is ‘treated. 

ASSOCIATION: . Stanislavskiy pedagogicheskiy institut (Gtadiai Pedagogical’ 


Institute). Drogobychskiy pedagogicheskiy institut: 
(Drogobych Pedagogical Institute) 


PRESENTED? May 21, 1962, by S. L. Sobolev, Academician 


' SUBMITTED: May 4, 1962 
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Higenfunction expansion of Jele-conjuaate elliptical systems. 
Dop.AN URSR no.6:721-725 '60. (MIRA 13: ?) 


1, Stanislavskiy pedagogicheskiy institut. Predstavleno akademikon 
AN USSR 3.V.Gnedenko [B.V.Hniedenko]. 
: (Differential equations ) 
‘(Bi genfunctions ) 
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Dissertation: "Power Sree Stabilizers." Inst. of Mechanics, Acad. Sci., USSR 
25, Feb. 1947 
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; AUTHOR: Roytenberg, Ya.N. (Moscow) 40-22-2-3/21 
Ee ee 
TITLE: On a Method for the Construction of a Lyapunov Function for 


Linear Systems With Variable Coefficients (Ob odnom metode 
postroyeniya funktsiy lyapunova dlya lineynykh sistem 5s pere~ | 
mennymi koeffitsiyentami) 


PERIODICAL: Prikladnaya matematika i mekhanika,1958,Vol 22,Nr 2, 
: pp 167-172 (USSR) 


ABSTRACT: | For the construction of Lyapunov functions. for systems of 

: linear differential equations with constant coefficients ae 
Chetaev elaborated effective methods. The author now transfers » 
these methods to systems of differential equations with variable | 
coefficients. By consideration of the system of differentiai... 
equations which is obtained from the initial system by setting. 
the coefficients constant, it is possible to transform the | us 
initial system into a form so that a Lyapunov function can bs 
given. The stability conditions can be found in well-known | : 
‘manner from the condition for the definiteness of the Lyapunoy. 
function. The Lyapunov function itself is set up in the usual 
way in the form : 
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1 | =e ct 

= 2 eae ig 2. ‘Oh a 

: | @=1 h=N' +4 “ ee 
whereby the & , 4 vepresent the vari Sables of state of the: ayeten 
The obtained atability conditions -are SUEesa tt -but not:me, | 
cessary. 

' The method is illustrated by an example.. 
Thare are 3% Soviet referenses. 


SUBMITTED: September 16, 1957 


2. Stability--Theory 2. Equations of state---Theory 
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: pulse systems €) nakoplenit voz ghcheniy ne nesta tsionearny. 


pERLODICAL:® prikladney® matematike i mekhanik@s 4958 yvol 22,Nr As 
pp. 554 - 53 


2 ABSTRACT? In aadition to investigation’ wnich have peen carried 


systems which are under he influence © e2 . 
naxinun amplitudes of the gisturbing forces 27E * pounded: ee 


considers an impulse systems the equations of. 
aifferenc® equations in the following form. 4 
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Gy ere a(t)y(t) = x(t) 


Here y is the coordinate by which the behavior of the impulse 
system is described, x are the external disturbing forces. 
With a series set up for the coordinates y now a general, but 


very nontransparent expression is obtained which can be e@x~ 


_ pressed as a double sume Under the assumption that the forces 


are bounded in their absolute value -: 


(11) | x,,(+)| <b 


this expression can be transformed as follows : 


n n 
(12) yg tS] 7 Maret 2) CH +P dey (Nex(td0| 
5 ae 3 


k=1 j= 


From this expression the maximum disturbance can be calculated 
which the impulse system can obtain as the result of the in- ee 
fluence of external forces. Since also this estimation is still’: 
very nontransparent, the author considers the possibilities of..." . 
calculation on electronic computers. me 
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. AUTHOR: _ poytenberg, Fel . g0v/20-121-2-7/53 ea 
ae TITLE? - Qn. the Accumulation of Perturbations 4n Non-stationary Linear Systems ee 
(0 nakoplenii vozmushehent¥ Vv nestatsionarnykh lineynykh sistemakh) — 


PERIODICAL: Dokledy Akademii nauk SSSR, 1958, Vol 121) Nz 25 op 221-224 (USSR) 


ABSTRACT: Generalizing the instationary case treated by Bulgakov and 
— Kuzovkov [Ref 4 Jj the author considers the linear system of 


oscillation 

4 : f. D)3 = xX. + : ‘321 000 n 

( ) » jx! We ;f ) J 9 ? 1 

where £5, () are polynomials in) ve with variable coefficients. ee 


and the polynomial matrix of the coefficients is assumed to’ be 
not degenerated. After transformations and the introduction of 
new variables the system (1) is brought to the form 


(2) 3 + a(t)z = x(t)> 
where Z, a(t) and x(+) are matrices. Under the assumption that 
the external forces x(t) are bounded, the author gives an 


estimation for the utmost possible deviation of an arbitrary 
coordinate 2, at the time tye 
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In a similar manner the system 
D. F : 
>. £.,(D)y, = [L.(t)D + R,(t) ] x, (t), feds cecal 
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is investigated. 
There are 6 references, 4 of which are Soviet and 2 American. 


ASSOCIATION: Moskovskiy gosudarstvennyy universitet imeni M.V.Lomonosova 
(Moscow State University imeni M.V.Lomonosov) 


PRESENTED: March 10, 1958, by S.L.Sobolev, Academician 


SUBMITTED: March 8, 1958 
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Theory of pulse servosystems, Prikl. mat. i mekh. 24 no. 2:309-315 © a 
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LN 


ana tne operator Ts SEs te (t + stv.) are introduced, then finelly 
“one obtains 


e(t)y(t) = _ba(*)- 
ie . (1.15) is obtained with the aid of the Leplace 
mati From this. there result the values of q(t); for which 
us Ss che first the author treats the case Ke = const. and then 
ee = x(t). An example is given- eae 
are 2 figures, and 2 Soviet references - a : 
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AUTHOR: noytenberg, Yeo Ne (foscow) 


TITLE: On the Motion of cyroscopic Apparata Unde 


Forces” 


r the Influence of Random 


prikladnaye matematika i mekhanike, 1960, Vole 94, Noo 33 
pp 463 - 472 


PERIODICAL: 
gates: the motion of the gyreseoR? stabilizer, the. 
a endulum'tand™ the gyrocompass for & non-regplar motion of _the 
: ship. The motion equations St the gyroscope stabilizer fer an frregular. motion — 
~ a) and under neglect of. the time constants” eee 


‘of the control chains 

(1.6) e(p)y = 0D) @ (#) > 

“ere f(b); e(D) ere polynomials of the aifferential operetor D zi. » 
otion of the sea and y (sl ; 


g(t) is the angle of them 
 potation of the frame around it a is the angle of rota 
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On the Motion of Gyroscopic Apparata Under the s/040 /60/024/003/0' /01 | KX 
Influenceof Random-Forces c117; C222 oe : 


_ gyroscope around the axis of the case> The motion of the ship is assumed. 
to be Be stationary random process with the correlation function ke 


a.C0) eb, eae ITI. (cos ev + sin e ltl), tb, - dispersion of 9 i 
had) €.- ship constants: The deviation of the gyroscope stabilizer caused by 


the motion of the sea is estimated by the dispersion &% of the angle of 
rotation of the frame. The author obtains 


2 
ores 2uy LM 
(4.22) ig -__{- : 
5 
_ where ee ry ale 
(1.20) Ms = aby (8384 ~ a8) + B bol Boas - 0484) ; 
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oO 
a a, *9 8 ’ 
N eS & a | Bo 
| a eae Bok 
(1.21) 7 0 0 8 % 


n a, = 
2 a2 ee oe 2 
ae _ (2 che ed fF Ty Sates 
: ~{#\. 5. %» A 
(4.18) 04? A 
; 2 


By 2 LS a ; ae 
one 2 2 (2p+ qa * B Ye oe 
: ana + q * y 5 Ss a : 
m 
a2 2 2 -_ = =-q" y 2 s B- 
o(2eR ) ee ; the frame + object + BYT 
re % of inertia of gaa of the un- 
3 LT. Ay oe moment of inertia © 
ae $ to the collimating axis. I - 
ries : . ‘ spec ° : 
scope with re 
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loading motor, 3 - tranrmission gear yatio from the motor shaft to the 
collimating axis, & = 7 ee 1)I, 
(0 - triction coefficient 


for frame supportings, K = 5x, D ,od ’ @ - magnetic flux. caused fe 
py, the exciter coils of the unloading motor), D = swk : epee? Say : 
. P49 AB 

H - kinetic moment of the gyroscope, B -. equatorial moment of inertia of 
the gyroscope - ; 

For the gyroscope e dispersion of the stabilizing angle is also 

determined. With ined formulas 4¢ is stated that for 4 

motion of the see the osc i wund: the.axis of the box are very large 

and oscillations around +t is n are very small. 

Under restriction to the pr the intercardinel deviation 


(3224) x¥ = al, sin? v | 


is determined for the gyrocompass; 4t vanishes for cardinal azimuths. of 
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course Yo= o r 90° ; 180° ; 270" and reaches its maximum for. the inter- 
cardinal angles Y= 45° ‘ 135° F 225° > 315° . Explicit expressions are 
given for I and. a. By a numerical example it is shown that the intere 


cardinal deviation is sufficiently small if the gyrocompass e.g. is of twoy: 
rotoric type. “ ; 
The author mentions A.A. Sveshnikov and 8.5: Rivkin. 

There are 1. table and-5 references: 3 Soviet, 1 English and 1 American. 


SUBMITTED: - February 29, 1960 
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AUTHOR: Roytenberg, Ya, HN. Moscow) ( 
TITLE: On the Theory 0 tie Direct Gyroscope Stabilizers 
PERICGDICAL: prikludnaya,matenatika i mekhanika, 1960, Vol- 24, Noo 4; /B 
_ PRs 756-770 ; 
TEXT: Under the assumption that the undulations of a ship be @ stationary 
random process, the author estimates the accuracy of active and passive 
gyroscopic stabilizers. For the mean quadratic deviation of the 
stabilization angle the author gives approximation formulas. A comparison 
of these formulas shows that the active gyroscopic stabilizers guarantee 
a higher stabilization velocity: 


There are 4 references: 2 Soviet, 4 American-end 1 Germane 
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3 ° i e mat. 
Theory of direct gyrostabilizers. Prikl (MIRA 13:9) 


770. Ji-ag '60- - 
(Gyroscope) 
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AUTHOR: Roytenberg, ‘a- N. 


TITLE: On the Motions of a Gyroscopic Compass Under the Action of 
' Random Forces 


PERIODICAL: ‘Doklady Akademii nauk SSSR, 1960, Yol. 133, No- 5) 
: : ‘pp 1045 - 1048 


_ pExt: The author investigates the motion of 4 gyroscopic compass on the 

premise that the rolling of the ship is 4 steady random process which has 

a "fractional-rational" spectral density - Proceeding from the equation of 
motion (1) for 4 gyroscopic compass in 4 pallistic mercury container during» vo 
the rolling of the ship, the author obtains - after substituting (3) in Po GG. 
(iy tem of aifferential equations (4) on the premise of a ey 
straight-lin The equations obtained from (4) in fi 
approximatio i in the form of a matrix equation (5) 
The aifferential equation sys is obtained from this matrix 
equation for determining the expected values of the random processes} the 
solutions (15) are obtained from system (13) in first approximation: A 
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thorough discussion of (15) shows that in the rolling of the ship a : 
&yroscopic compass has an azimuthal deviation. This deviation can be ie 
determined by formula (25). The determination of this deviation is ex- CX: 
Plained by an example. There are 1 figure and 3 references: 2 Soviet and 

1. British. ut . : 


ASSOCIATION: Moskovskiy gosudarstvennyy universitet im. M. V. Lomonosova 


(Moscow State University imeni M. Y. Lomonosov 


PRESENTED: April 12, 1960, by A. N. Kolmogorov, Academician 


“SUBMITTED: April 6, 1960 
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paper Br 
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Nonlinear Vibrations, Kiev USSR, 


Moscow State University, Moscow, UsSR 
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AUTHOR: Ya.N. (Moscow) — 
‘ITLE: “On certain indirect methods of obtaining information 
a about the state of a controlled system in a phase 
space 


PERIODICAL: Akademiya nauk SSSR. otaeleniye teknnicheskikh nauk. 
Pprikladnaya matematika 4 mekhanika, V+ 25, NO» 3». 
1961, 440 - 444. 


gRxt: For an optimum system of automatic control, the control algo~ 
rithm (obtained, by the method of dynamic pr by the | be 
maxibum princip] ] pontryagin (Ref. 2: imal 'nyye prota 
sy regulirovaniy2, k I, s re3)) 

js expressed in basi of t i cone 
trol system in a phase space+ 0 ob- 

tain this information, as it : 

the phase coordinates» The artic 
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methods of obtaining information indirectly in the case of statio- . 
- nary and non-stationary systems. Stationary systems: The motion of. 
& stationary controlled system may be written . 
eas no. : : a 
Sy fog (De = 85 Geli ; fist) 
: k= a . 
where Yy are the generalized coordinates of the system, x; (+) are -2f)s 


stem, £ 5.(D) is a polynomial in’ fe 


the external forces acting on the sy 
‘p, and D= a/dt. (1.1) is transformed into - 


ae = F (yim, «+ Yirees sy, (Mah UF Q 4) ae 
B.:; B.: oF. rere 
rae xe tall) (j=hieees n) ot 


where the upper indices (m,) (k = ly cers n) dnote the order of 
the derivative of Y, with respect to time, Fy is a linear function 
card 2/7 
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NOods «+e 
ent of mig? 


, - 
is the algebraic complem : 


on are indirect met 
= /d yx/ # 0 and B,, 


means of "the transformations : . oe : 


. ae 
eed (m,—1) 5 =y (my 
242 Uy 24> Yar vee 2m = , i 


(226) FE 


as 


x)= Ot 4 (6) = Saree 


; eG = My Si a On = 
ae lent matrix form 
(1.4) 3 i Lx 


s obtained in the anava 
_sf-as= x 0 
X(Q =501 


where ‘e= habe a=lonh 
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(4.12) is solved by operator methods to give 


. r * t : : : ei (1.28) 
opie S Njw (240) \Wae—daide Fetes at 
. : Ket bly . 
; ve nee on a : : : (1.27) . 
. My; cs Pe : ae 
where | WHO BM aes ; | 


Nit) = VI (t)// (1.19) and *he elements of N(t) are known = 
BAY auigaiee (Ref. 3: Kolebaniya- Gostekhizdat, 1949, t. I,. str. 


1€4). A new erbitrery origin js chosen and the deviations oe 
5 S(t...,) of the phase coordinate 2, referred to the n 
(ty). ” 4 J r4] 


*% 
i i itetetergh are measured. S is 
origin at some instance of time oi » tra 


she deviation ot the new origin referred to the original origin. 
Tien 


a Wy 
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SUN yu (teas) — Mex (ty) 1 2x (0) = 2 Ry xis r) ( 
al i (tga (ty) | 2x | | (1.32) - 
: n tata . n $ : : 
‘=L— > \ Wt (tua —7) x, (t)dt+ ¥ \ War (fs — 1) 21 (1) dt 
: fh. 0 cide Peo uimrena mee 


“where S(t,) = s*42,(t;) (i=), wees EAE) (2029), SCH) - 
= S(t.) =L (ply cers r) (1.30). Hence, from (1.28) and 
(1.32), given the initial values. of the phase coordinates 2 (0), 
the values z.(t) at any subsequent instant of time t may be calcu- 
lated. Non-stationary systems: In this case the equation of motion 


is. 
> fig (P) Uy = 7; (t) ’ (j=iyeeey n) , (2.1) 
fe ook k= kee 
ey Gand 8/7 | 
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where the coefficients of the > polynomial f; 62) are not constants, 
put are SUERe er functions of time. ics po stn as before gives. 


. (2,2) 
ai + 3 eee . Wehey . : 
k=l “ 
and the solution is 
~~ 9 eae op rade hig, Bet 
Ca 
z(t) = > Nix (t, 0) 2x (0) + ; (Wants eae (j= t,-eerr) ( 3) 
k=} I=1'4 
where a ee oe aa (2.4) 
7 : = % é Wy(t,t) = De Yn (é, 1) fale ae owl ‘) : j 


i= 


and the matrix N(t, t) = O(t) 8 cli), where @(t) is the fundamental . 
matrix of whe homegenpouer matrix equation which may be obtained» 
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from (2.2) by putting X,(t) =0. Similarly to (1.32), one obtains 


rT 


: ae Sane 
» [Nix (tu¢1, 0) — Nt (ty, 0) zx (0) =L, — » \ Wey (trite t) 2 (t) dt 4. (2. 5 ) ae " 
Kent | ; : : ag ; i 

bn * 


\ Wa us 2) a(t) de “= be (2.5) 


~ . 4s to 


Evaluation of the functions of (2.5) by previously established con=- 
ditions leads to a solution as before. The author observes that 
electronic computers may be used to solve these equations. There an 
are 4 references: 3 Soviet-bloc and 1 non~Soviet-bloc. The referen-— aM 
ce to the English-language publication reads as follows: k&. Bell-~ 

man, Dynamic Programming, Princeton University Press, 1957. 
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AUTHOR : Roytenberg, Ya. N. (Moscow) » 
TITLE: On the theory of alternating systens 


“PERIODICAL: _ Priklednaya matematika i mekhanika, Ve 25, no- 4, 
a 1961, 691-704 


TEXT: A system of difference equations is derived which describe 
the alternating system. The system is solved and the weighting 
‘function determined. A method is proposed for determining the - 
position of an alternating system in phase space. It is convenient 
to pass from alternating systems of differential equations to 4 SYS~ 
tem of difference equations, which is derived as follows. During 
the time interval ny $Eer “env +t Ve the motion is described 
by. a system of differential equations whth variable coefficients: 


cet | 


x z # 

c+ 9) Dat Zy * g(t) © Cit Laceee r) GQ.) 
cal . 

25 C4 2 Lyecvey r) are the phase coordinates, x(t) are given exter- 
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nal. forces. After some transformations, one obtains, for & CORES), 
whose interval corresponds to one. period of alternation) , the sought - sink 
for difference equations > oe ora — 
ge ee TT = (t) 2, (t) = Xv CE) ® tte 
kel : , (1.30) 


ayy 


where a re ee ae 7 

ayy® (ut + Ss a4 24 Ly j¢& 4-1v + €, (0 4 LIM; Cm +1) . 
jut + 11) x Lyy at * vz + ©) (1.15) 

Further, the time depen- 

The solution of 

fficients is un- 

the matrix 


atrix weighting functions « 
t<v is derived. 


with variable coe 


L and MN being m 
dence of z(t) in the interval 0< 
a system of difference equations 
@ertaken. The scalar system (1.30) is equivalent to 
eater et Goo Cs tees (t) 


(a (t) © flav (te) ls * Ct) ={}xy Ce 1D) 


homogeneous matrix ¢e 


C251) 


quation a(t +). + 


The Fundamental matrix of the 
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+ a(t)z(t) = 0 is denoted by 6(t). The matrix weighting function 
ns Nt, jn - 8 (t) el (t - OY + jv) (2.11) 
is introduced. The sglution of (2.1) is : 


age) = 2, Nok (t,-0) z,* -- oy) + 


+ Zs e: Neylt» it) Xe (t -OY + jt -7) Ce Suds esee 2? (2.13) 
k=l jel es Dee 
- 4t coincides in the interval O< t<v with the given matrix 2*(t). 
On determining weighting function Nez, it is noted that this weigh- 
ting function is constructed after solving the conjugated system 
of difference equations | ogee 
tase = 
mt) + by apt) 41 (t +7) 2.0 ee 
ol = 
For a fixed s one obtains : cc 
. No, (tis iv) = Z(t} ~ayrs JH Ck = ee Pee Gls 
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io b/Y The relationships 
$ 5 int 1 part of t/t. ae 
+ denotes the integral Pp Fay ak See: n 12a ) 
¥ _ oe es! le (4.1) 


ig : , +4, snt) (4.2) 
My ((n +. 1)T, nt * T) Ly ee . ue 


Tt. i ‘ 
Ss Lyx (nt + 1,56) 35 + 


nr kel 


am 
ay (nt) = ~ s 


as 
pal - NEXT; 


re 


2 ee - ; fen) 
=“) My, CCn + 1L)¥ nt L ( 


ci (ng1) (4.3) 
‘ y My, (on + 196) sp(G) a6 : 
nit + fle , | ing differ- 
. = 0 in foregoing 
, hes ptained by setting € tq. (Lel5)« Eqe 
are set Up}; ec ORG. (4.2) is ontained pen eee ence equations 
ores ign are valid for integral n only, vee Eq. (401) determine 
(4.3), whie lutions ene 
: Hence, the soit ; hich are the 
madahy Clee ae aren coordinates Zy at discrete points Whl 
a sequen s 
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On the theory eece , tag ‘ E s - D274 D306 
limit points of alternation periods, ise. at moments t = ny (n=l, 
2,e0-). These solutions can be obtained by the method exposed 
above, by replacing Eq- (4,1) by a system of difference equations 
Ch Ge: - a8 Ce) wip CE) vm By? CED” Oem Deters 1) (4.4) 
; a 
where a,,°(t) and X,°(t) are step functions: (see Eq. (1.30)). «The. . 
solution to Eq. (4.4) for values of t.which are multiples of T, is: 
Ee, URN ‘ 
ay) = D> Nyy, t,o) z,(0) + aS Ny GY, 5V) HCI? 1D) 
kel ; : kel Jal ‘ : : 
7 ay Uden fe (4.5) : 
With regard to the alternating systems of Linear differential equa- fo Ds 
tions with constant coefficients, it is found that the coefficients . 
ay, (t) of Eq. (1,30) are pericdic eynctions of time with period 
equal to T- Eqs (401) will become equations with constant coeffi- 
_ecients., Expressions are also given for the form of the functions 


(nt) Gvhich enter the right-hand side of Eqs (421)), and for the 
‘time dependence of the phase coordinates in the interval PT<t < 
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On the theoryeos 
determining the position of an al-— 
Yhe method consists in measuring - 
rdinates. it follows from Eqe 
phase coordinate 


(hh +1). A method is given of 
ternating system jn phase space: 

- the deviation of one of the phase coo 
(2.13) that at t » WT (> being an integer) >. the 
Z,_ is: es 


s - Xr. mare — ‘ : 
Zag PV) +) * NgK OT, 022060) + ie d Nar, IO X,.(jy- wv) (6.1). 
. a} = 3 . : 


Agsuming ‘that z, can be measured, and that the initial reading-zero 
igs unknown, the deviation of zg from some arbitrary reading-zero 
s(hyv) = S* + Zs OPT) Ge Leases 1): | » (662) 
is measured; $* is the deviation of the new reading-zero from the 
initial one; by taking consecutive measurements, one arrives at a 
relationship which does not contain the unknown S*. Finally a 
Linear system of algebraic equations ig obtained, from which the 
initial values z(0) (k = 1 f the phase coordinates can be 


obtained; thereupon, the use of Eqe (2,13) leads to determination - 
of th: phase coordinates zy(t) OV = 1,.e-,r) for any ct. There are 9 
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ATTLE: ~ Problems of dynamic programming tor nonlinear systems 


PERIODICAL: vrikladnaya matematika i mekhanika, V+ 26, no» 3, 


-PEYT: The choice of controlling forces is consi .erec, which would 
ensure vne realization of the law of motion (given in the pnase spa~- 


ce) of a non-linear control system, or would ensure shat the nonli- | 


near system passes at given moments througn ore-assigned states. The - 
equations of. motion are : 
i ae : n ; i oe , 
nee Sig Oe =O + GO (1.1) 
re k=1 ; . 
= vy; (Uy. Jireeere yi), weer Uy yy ooee yin), t} (jal yeessl) 


where y,. ar generalized coordinates, x5 (4) - given external rorces, «. 
x : ees 
c.{t) — additiona: external forces, whose law of change is chosen 60.0" 
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a given motion; £...(D) denote sole 
nonlinear functions. The original 


replaced (aiter transformations), py. a nonli- — 
ation; the equivalent scalar integral equa- By 


— 


00) s= 6,00 +2 \ Wale D004 ee 


l=1 te 


aoe ye Walt ) ~p, (21 (tT), - wees S(T), vat (fs teee es r) 
ain phase- aoordinates . Zp. (v =; sage m) of. 


It is required ‘that, cert 
~assigned values rp? 


should aSsUune; tat the moment +1, pre 
(4) have. to be determined in such a way, 


, eee? mn); | (1. 22) 


the system 
Mie additional forces as 


+ + 
what 


204) (x) rp. (Vv = 


‘$) are taken as sten functions, their values in the interval ee 
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Problems of dynamic |} 


4) remaining unenanged. 
-gougat-for external forces a, (*)# 
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, 4,40) q., (to) = ke, (ty) —_ 


T= le 


—_— 


se is considered ymnere 
1 are realizable in 
the number of phase c 
at ua. 


(+) is considered. 


- es 
vy, the ca 


fhe system of 


a formula ror a,t*) ootained. The 
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ing a law of motion; given 


“After +yansformations, 


i \ Uagltrst) vy, (2 (t), +) dt 


she system unde 
coordinates whi 
For convenience, 


-dimensional snase space 2+ 
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3/04 
= /0301 


D407 


one obtains the 


teQtch ¥ 


nn Le 


( a ae a reas 
the numoer of additional exter- — 
r consideration, =: 
ch assume pre- 

only a single external for- 


integral equa tions is derived, 
ebove method permits realiz- 


The par- 


ticular case is 7° ered, in which tne value of only one phase- eae 
coordinate is pre gned, and only one nonlinear function VY enters. . 
the equations co motion. Further, the above methods are applied %6 
«ne problem of speeding up the precessing of @ gyrocompass towards 
the meridian, in the presence of a noniinear restoring force. The: 
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equation for she. yrecessional motion of a gyrocompass is replaced by 
a matrix equation, which (in turn) is replaced by a system of scalar . 
integral.equitions., 1% 2s required to determine the law of change of... 
tie eé@itione: force Q(t), which has to be apvlied so that the syro- | 
conpase precesses sowards the meridian at a given moment of time. =v... 
Myre insesral touncicns considered in the foresoing, are solved by nu- a 
merica: metnods. The integral equation for the gyrocompass motion 
was solved on an electronic computer for actual values of the para- 


- meters. The results cf the calculavions are given in a table and a 


figure. There are 7 figure and 1 table. 
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device consists of a pendulum mounted on the $imbal ring and an 


Gimbal to return the housing axis into the horizontal position. 


ct from diminishing with ener eseine "7, 


the gimbal axle. The motor is controlled by contacts on the 


Syroscope housing. In the seco 


nd scheme, the Syroscope rotor 


axis is horizontal. The erection device and the stabilising 


motor. are arranged in a manner 


‘the third scheme, two horizonta 


Opposite directions, The housi 


are linked together by an anti- 
turning angles of the housings, 


Similar to the first scheme. _In- 
1 gyroscopes are used, rotating in 


Opposite. The contact device for energising the stabilising 


Motor is attached to One of the two housings. - The erection 
_mechanism is the same as before. In the fourth scheme, two 


vertical Syroscopes are arranged with housings interconnected by 


/an anti~parallelogram linkage. 
are arranged as before. The equations of motion for the 
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stabilising devices are derived for all four configurations, The ~— 
Syroscope axis is related to a coordinate frame where the !"xn 
-axis is horizontal and lies ina plane Perpendicular to the 
gimbal axis, the "y" axis is the gimbal axis and the "gt axis is | 
_perpendicular to both and becomes. the equilibrium position of the.:: 
'$yroscope rotor axis. | The equations of motion are cotapared, - ae 
- Further study requires knowledge of the motion of the reference © 2 
frame, -Itg orientation is determined by the presence of the me 
erection device and the stabilising motor so that the Syroscope | Le 
performs small oscillations in relation to the reference frame, 
The latter moves in space and the Syroscope following up this 
“motion presents an inertia resistance. Qne component of this 
resistance is absent in stabilising devices with two Syroscopes, 
“AS a consequence, the stabilising motor is much more lightly‘ 
‘loaded. The maximum possible erection moment must exceed the 
-Corresponding inertia moment. From this condition the minimum 
rate of erecting correction is derived. The drift of the 
stabilising device from the horizontal in the absence of 


artificial erection is given, There are 9 figures, 
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ey (a (60) Va(2, Sys ar2, (00 0a? (tS 844) 
l=1 + . . 
oO 
(j = nee . ce | (1) 


'. derived by himself in a previous paper. The time interval (tost,): ee 
is divided into v equal or unequal intervals Oo 17% ), the fune--!.: . 
tions z, are assumed to be stepped, their valud 8 iff each subinter- beg 
val being denoted by 2... The equations are then reduced to a Bys— 


tem of finite eases equations . nega ee he Me seven Bs. 
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the solutions. of which can be taken as zero approximations for an) 

iterative process. If the initial system. Conta ans only one. HOUT ney ae 

function of &- Single argument ; : 
Wy =¥y (a, (6)) eee 

the. trangoendental syutem oan be reduced to a simpler form. 
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Roytenberg, Yakov Naumovich 


Gyroscopes (Giroskopy) Moscow, Izd-vo "Nauka," 1966, 399 p. illus., bidlio., index. |° ~ 
Errata slip inserted. 8,000 copies printed wens aeanace 


TOPIC TAGS: gyroscope, gyrocompass » Byroscopic stabilizer 


‘PURPOSE AND COVERAGE: This monograph is devoted to the theory of gyroscopic instre | 

- ments installed on moving objects » 5uch as ships, airplanes, etc. Special at- 
tention is given to explaining the conditions for effectiveness of such gyroscopic] - 
systems, determining their accuracy under actual operating conditions, searching ae a 
for ways to synthesize the most rational schemes for gyroscopic devices y and 
selecting their dynamic characteristics, This book is based on articles written 
by the author which have appeared over a number of years in various journals, 
The monograph is intended for adequately prepared readers who are familiar with 
the basic works on the applied theory of gyroscopes, The author hopes that this 
monograph will also contribute to the further development of the applied theory 
of gyroscopes, 
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ompass construction. The device is. unique | ‘in that- its center ‘of: gravity 0: 
with its geometric. center. and hence the. _gyitosphere!s: equations. of: motion ‘are 
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“TOPIC TAGS: automation, automatic control, control system, gyroscope nonlinear 
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ABSTRACTS: The gyroscopic compass with mercury ballistic tanks is a nonlinear : 
mechanical system. - The presence! of nonlinear terms in the differential equations ae 
for the motion of a gyrocompass gives rise t in azimuth as the; 
ship rolls. 1f the parameters of the gyrocompass are not properly’ chosen, these a are 
deviations may be very great, re conditions of the order ey 
07 10-15. degrees- In the present work, the motion of a gyroscopic compass with 
mercury ballistic tanks is studied, on the assumption that the rolling of the ship > 
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is a stationary random process with a fraction-rational spectral density. [tis 3 

shown that the accuracy of the gyrocompass on 2 rolling ship can be ensured by the; 
proper choice of the-period of free oscillations of the mercury in the ballistic t= 
tanks; that is in order to avoid intercardinal deviation, the parameters of the oi: 
mercury ballistic tanks must be so selected that the value of the angular frequency |. 
pn of the free oscillations of the mercury mirror are sufficiently close to that a; 
_. yalue of argument n* at which the function ix(n) vanishes... In the case considered, 
nk = 0.843. \ortg. art. has: 38 formulas and | figure. 
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PURPOSE AND COVERAGE: This monograph is devoted. to problems of achieving & 
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